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PLL generates a first to a fourth reference clock signal with
the same frequency, respectively, wherein each consecutive
two of the first to the fourth reference clock signals have a
90-degree phase difference. The frequency dividing module
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frequency dividing on the first to the fourth reference clock
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detects a timing sequence of the first to the fourth output
clock signals to output the first control signal accordingly.
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1
FOUR-PHASE CLOCK GENERATOR WITH
TIMING SEQUENCE SELF-DETECTION

BACKGROUND

1. Technical Field

The present invention generally relates to a clock genera-
tor and, more particularly, to a four-phase clock generator
capable of providing the phase correlation between four
reference clock signals according to an internal phase-
locked loop (PLL) to perform timing sequence self-detec-
tion.

2. Description of Related Art

Clock generators have been widely used in various elec-
tronic devices, the main purpose of which is to provide
accurate clock signals so that the electronic devices may
operate with reference to the accurate clock signals. Most of
the currently available clock generators employ phase-
locked loop (PLL) circuits.

Furthermore, the PLL is a synchronization technology
based on the feedback signal so as to synchronize the
frequency and the phase of the output signal with the
frequency and the phase of the external reference signal. In
other words, the PLL synchronizes the output signal with the
external reference signal so that the output signal and the
external reference signal have the same frequency and the
same phase.

More particularly, when the frequency or the phase of the
reference signal changes, the PLL detects such change and
adjusts the output signal according to the internal feedback
signal until the output signal synchronizes with the reference
signal. The synchronization process is referred to as “being
locked”. As stated above, the PLL is essentially a closed
loop system. Under the control of the feedback signal, the
PLL generates clock signals with high accuracy.

However, when the feedback parameters in the PLL are
used to change the frequency of the clock signals generated
by the clock generator, the PLL requires an additional period
of settling time.

To effectively avoid the settling time, the PLL has been
used with a digital logic circuit as a new type of clock
generator. In such clock generators, the frequency of the
output signal from the PLL is first fixed and then changed by
the digital logic circuit so that the clock signals output from
the clock generator have a frequency that has been changed.

Unfortunately, since the following digital logic circuit is
an open loop system, the clock generator is easily affected
by noise. As a result, the timing sequence of the clock
signals from the clock generator can be incorrect.

SUMMARY

One embodiment of the present invention provides a
four-phase clock generator with timing sequence self-detec-
tion including a phase-locked loop (PLL), a frequency
dividing module, and a detection and control module. The
PLL generates a first to a fourth reference clock signal with
the same frequency, respectively, wherein each consecutive
two of the first to the fourth reference clock signals have a
90-degree phase difference. The frequency dividing module
is coupled to the PLL and determines whether to perform
frequency dividing on the first to the fourth reference clock
signals to obtain a first through a fourth output clock signal
according to a first control signal. The detection and control
module is coupled to the frequency dividing module and
detects a timing sequence of the first to the fourth output
clock signals to output the first control signal accordingly.
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When the timing sequence of the first to the fourth output
clock signals is incorrect, the first control signal controls the
frequency dividing module to stop performing frequency
dividing on the first to the fourth reference clock signals.

As stated above, the four-phase clock generator with
timing sequence self-detection in the present embodiment
employs an open-loop digital logic circuit to change the
frequency of the output clock signals from the clock gen-
erator so that the settling time resulting from the use of the
PLL to change the frequency can be avoided. Moreover, the
output clock signals are detected according to the phase
correlation between the reference clock signals generated by
the PLL so that the timing sequence of the output clock
signals can be accurate. Accordingly, the four-phase clock
generator provides high reliability and timing sequence
self-detection.

In order to further understand the techniques, means and
effects of the present disclosure, the following detailed
descriptions and appended drawings are hereby referred to,
such that, and through which, the purposes, features and
aspects of the present disclosure can be thoroughly and
concretely appreciated; however, the appended drawings are
merely provided for reference and illustration, without any
intention to be used for limiting the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the present disclosure, and are
incorporated in and constitute a part of this specification.
The drawings illustrate exemplary embodiments of the pres-
ent disclosure and, together with the description, serve to
explain the principles of the present disclosure.

FIG. 1 is a block diagram of a four-phase clock generator
with timing sequence self-detection according to one
embodiment of the present invention;

FIG. 2 shows waveforms of a first to a fourth reference
clock signal and a first to a fourth output clock signal of a
four-phase clock generator with timing sequence self-detec-
tion according to one embodiment of the present invention;

FIG. 3 is a block diagram of a frequency dividing module
of a four-phase clock generator with timing sequence self-
detection according to one embodiment of the present inven-
tion;

FIG. 4 is a circuit diagram of a frequency dividing unit of
a four-phase clock generator with timing sequence self-
detection according to one embodiment of the present inven-
tion;

FIG. 5 is a circuit diagram of a detection and control
module of a four-phase clock generator with timing
sequence self-detection according to one embodiment of the
present invention; and

FIG. 6 is a circuit diagram of a detection and control
module of a four-phase clock generator with timing
sequence self-detection according to another embodiment of
the present invention.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

Reference will now be made in detail to the exemplary
embodiments of the present disclosure, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used in the draw-
ings and the description to refer to the same or like parts.

First, with reference to FIG. 1, FIG. 1 is a block diagram
of a four-phase clock generator with timing sequence self-
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detection according to one embodiment of the present inven-
tion. The four-phase clock generator 1 includes a phase-
locked loop (PLL) 10, a frequency dividing module 12 and
a detection and control module 14. These components in the
four-phase clock generator 1 may be implemented by soft-
ware, hardware, or a combination of hardware and software.
The present invention is, however, not limited to the previ-
ous examples of the four-phase clock generator 1. Moreover,
the phase-locked loop (PLL) 10, the frequency dividing
module 12 and the detection and control module 14 can be
integrated or discretely disposed, to which the present inven-
tion is not limited.

More particularly, the PLL 10 generates a first to a fourth
reference clock signal CKref 1~CKref 4 with the same
frequency, respectively. Each consecutive two of the first to
the fourth reference clock signals CKref 1~CKref_ 4 have a
90-degree phase difference. The PLL 10 may include a phase
frequency detector (PDF), a low-pass filter (LPF), a voltage-
controlled oscillator (VCO) and a feedback unit (mostly
implemented by a frequency divider). For example, the PLL
10 outputs four reference clock signals CKref 1~CKref 4
with different phases according to a system clock (or an
input reference clock). It should be noted that the present
invention is, however, not limited to the previous examples
of the PLL 10. Moreover, since the structure of the PLL 10
is well known to the person with ordinary skill in the art, the
detailed description of the PLL 10 is not repeated herein.

The frequency dividing module 12 is coupled to the PLL
10 and determines whether to perform frequency dividing on
the first to the fourth reference clock signals
CKref 1~CKref 4 to obtain a first through a fourth output
clock signal CKout_1~CKout_4 according to a first control
signal CS1. The detection and control module 14 is coupled
to the frequency dividing module 12 and detects a timing
sequence of the first to the fourth output clock signals
CKout_1~CKout_4 to output the first control signal CS1
accordingly. When the timing sequence of the first to the
fourth output clock signals CKout_1~CKout_4 is incorrect,
the first control signal CS1 controls the frequency dividing
module 12 to stop performing frequency dividing on the first
to the fourth reference clock signals CKref 1~CKref 4.

Accordingly, the person with ordinary skill in the art
should understand that the frequency dividing module 12 is
a digital logic circuit that changes the frequency of the
output clock signals CKout_1~CKout_4 in the four-phase
clock generator 1.

For example, with reference to FIG. 1 and FIG. 2, FIG. 2
shows waveforms of a first to a fourth reference clock signal
and a first to a fourth output clock signal of a four-phase
clock generator with timing sequence self-detection accord-
ing to one embodiment of the present invention. First of all,
the frequency of the four reference clock signals
CKref_1~CKref 4 having a 90-degree phase difference for
each consecutive two reference clock signals generated by
the PLL 10 is 100 MHz.

After the frequency dividing module 12 performs fre-
quency dividing on the first to the fourth reference clock
signals CKref 1~CKref_4, respectively, the frequency
dividing module 12 outputs four reference clock signals
CKref_1~CKref 4 having a 90-degree phase difference for
each consecutive two reference clock signals. However, the
frequency is lowered to 50 MHz. In other words, the
frequency dividing module 12 only changes the frequency of
the first to the fourth reference clock signals
CKref 1~CKref 4 from the PLL 10 while leaving the phase
correlation (timing sequence) of the first to the fourth
reference clock signals CKref 1~CKref_ 4 unchanged.
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As previously stated, since the frequency dividing module
12 is an open loop system, the four-phase clock generator 1
is easily affected by noise if the first to the fourth reference
clock signals CKref 1~CKref_4 are not properly processed,
or the voltage of the logic circuit in the frequency dividing
module 12 becomes unstable. As a result, the timing
sequence of the first to the fourth output clock signals
CKout__ 1~CKout_4 can be incorrect, which leads to the
change of the phase correlation of the output clock signals
CKout_1~CKout_4. In other words, the phase difference for
each consecutive two of the four reference clock signals
CKref 1~CKref_4 is no longer exactly 90-degrees.

Therefore, in one embodiment of the present invention,
the detection and control module 14 inside the four-phase
clock generator 1 determines whether the timing sequence of
the first to the fourth output clock signals
CKout_1~CKout_4 generated after the frequency dividing
module 12 has performed frequency dividing on the first to
the fourth reference clock signals CKref 1~CKref 4 is
correct. As a result, the detection and control module 14 is
able to determine whether it is necessary to control the
frequency dividing module 12 to keep performing frequency
dividing on the first to the fourth reference clock signals
CKref 1~CKref 4. In other words, when the detection and
control module 14 in one embodiment of the present inven-
tion determines that the timing sequence of the first to the
fourth output clock signals CKout_1~CKout_4 is incorrect
(i.e., the phase difference for each consecutive two of the
four reference clock signals CKref 1~CKref 4 is no longer
exactly 90-degree), the detection and control module 14
issues the first control signal CS1 to notify the frequency
dividing module 12 to stop performing frequency dividing
on the first to the fourth reference clock signals
CKref 1~CKref_4. Compared to the conventional clock
generator, the four-phase clock generator 1 in one embodi-
ment of the present invention provides timing sequence
self-detection. It should be noted that the present invention
is, however, not limited to the previous examples of the
frequency (such as 100 MHz and 50 MHz).

One embodiment of the present invention provides a
frequency dividing module 12 as described herein. With
reference to FIG. 1 and FIG. 3, FIG. 3 is a block diagram of
a frequency dividing module of a four-phase clock generator
with timing sequence self-detection according to one
embodiment of the present invention. The present invention
is, however, not limited to the example of the frequency
dividing module 12 in FIG. 3. Moreover, in FIG. 3 and FIG.
1, like numbers denote like elements, descriptions of which
are not repeated herein.

More particularly, the frequency dividing module 12
includes a first D-type flip-flop fp1 and a frequency dividing
unit 121. The first D-type flip-flop fp1 is coupled to the PLL
10 and the detection and control module 14. An inverting
reset terminal of the first D-type flip-flop fp1 receives a first
control signal CS1, and a non-inverting output terminal of
the first D-type flip-flop fpl outputs a second control signal
CS2. The frequency dividing unit 121 is coupled to the first
D-type flip-flop fpl and the PLL 10 so as to determine
whether to perform frequency dividing on the first to the
fourth reference clock signals CKref 1~CKref 4 to output
the first to the fourth output clock signals
CKout_1~CKout_4 according to the second control signal
CS2. In other words, after the first D-type flip-flop fpl
receives the result of timing sequence detection (i.e., the first
control signal CS1) from the detection and control module
14, the first D-type flip-flop fp1 further converts the result of
timing sequence detection to the second control signal CS2
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to notify the frequency dividing unit 121 whether to keep
performing frequency dividing on the first to the fourth
reference clock signals CKref 1~CKref 4.

Moreover, as previously stated, the frequency dividing
module 12 only changes the frequency of the first to the
fourth reference clock signals CKref 1~CKref 4 from the
PLL 10 while leaving the phase correlation of the first to the
fourth reference clock signals CKref 1~CKref 4
unchanged. In other words, the phase difference for each
consecutive two of the four reference clock signals
CKref 1~CKref 4 is still 90 degrees. Therefore, the person
with ordinary skill in the art should understand that the first
to the fourth output clock signals CKout_1~CKout_4 with
the frequency that has been changed have phase correlation
to some extent with the first to the fourth reference clock
signals CKref 1~CKref 4 with the frequency that has not
been changed.

For example, with reference to FIG. 2, under ideal con-
ditions, the person with ordinary skill in the art may clearly
observe that each of the rising edges in the 50-MHz first
output clock signal CKout_1 synchronizes with every other
rising edge in the 100-MHz first reference clock signal
CKref 1, each of the rising edges in the 50-MHz second
output clock signal CKout_2 synchronizes with every other
falling edge in the 100-MHz first reference clock signal
CKref 1, each of the rising edges in the 50-MHz third
output clock signal CKout_3 synchronizes with every other
falling edge in the 100-MHz third reference clock signal
CKref_3, and each of the rising edges in the 50-MHz fourth
output clock signal CKout_4 synchronizes with every other
rising edge in the 100-MHz third reference clock signal
CKref 3. It should be noted that the present invention is,
however, not limited to the previous examples of the phase
correlation of the reference clock signals.

Accordingly, the person with ordinary skill in the art
should understand that the first D-type flip-flop fp1 of the
frequency dividing module 12 is triggered by a rising edge
in the fourth reference clock signal CKref 4 to output the
second control signal CS2 to notify the frequency dividing
unit 121 to perform frequency dividing on the first to the
fourth reference clock signals CKref 1~CKref 4 when the
four-phase clock generator 1 just starts to operate. As a
result, the phase difference for each consecutive two of the
first to the fourth output clock signals CKout_1~CKout_4
output from the frequency dividing unit 121 can be effec-
tively kept as 90 degrees. In other words, the non-inverting
output terminal of the first D-type flip-flop fp1 has to be
triggered by a rising edge in the fourth reference clock signal
CKref 4 to notify the frequency dividing unit 121 to start
perform frequency dividing on the first to the fourth refer-
ence clock signals CKref 1~CKref_4.

In view of the above, with reference to FIG. 3, a clock
input terminal and a data input terminal of the first D-type
flip-flop fp1 receive, respectively, the fourth reference clock
signal CKref_ 4 and a clock output enabling signal CK_EN.
When the first control signal CS1 is TRUE, the first D-type
flip-flop fpl is triggered by a rising edge in the fourth
reference clock signal CKref 4 to output the clock output
enabling signal CK_EN as the second control signal CS2.
The clock output enabling signal CK_EN may be a con-
stantly TRUE signal, a signal controlled to be TRUE, or a
dynamically FALSE signal. The present invention is, how-
ever, not limited to the previous examples of the clock
output enabling signal CK_EN. The person with ordinary
skill in the art may make modifications to the examples
according to practical demands or applications.
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Moreover, to further describe the frequency dividing unit
121 in the frequency dividing module 12, the present inven-
tion further provides a frequency dividing unit 121 accord-
ing to another embodiment. With reference to FIG. 4, FIG.
4 is a circuit diagram of a frequency dividing unit of a
four-phase clock generator with timing sequence self-detec-
tion according to one embodiment of the present invention.
The present invention is, however, not limited to the
example of the frequency dividing unit 121 in the frequency
dividing module 12 in FIG. 4. Moreover, in FIG. 4, FIG. 1
and FIG. 3, like numbers denote like elements, descriptions
of which are not repeated herein.

With reference to FIG. 1, FIG. 3 and FIG. 4, the frequency
dividing unit 121 includes four D-type flip-flops, namely, a
second to a fifth D-type flip-flops fp2~fp5, respectively.
Moreover, an inverting output terminal of each of the second
to the fifth D-type flip-flops fp2~fp5 is coupled to a data
input terminal corresponding thereto. For example, the
inverting output terminal of the second D-type flip-flop fp2
is coupled to the data input terminal of the second D-type
flip-flop fp2. Two clock input terminals of the second and the
third D-type flip-flops fp2~fp3 receive the first reference
clock signals CKref 1, two clock input terminals of the
fourth and the fifth D-type flip-flops fpd~fp5 receive the
third reference clock signals CKref 3, and the inverting
reset terminal of each the second to the fifth D-type flip-flops
fp2~1p5 receives the second control signal CS2. In view of
the above, the person with ordinary skill in the art should
understand that the frequency dividing unit 121 generates
the first to the fourth output clock signals
CKout_1~CKout_4 according to four non-inverting output
terminals of the second to the fifth D-type flip-flops fp2~1p5,
respectively, when the second control signal CS2 is TRUE.

As previously stated, the phase correlation of the first to
the fourth output clock signals CKout_1~CKout_4 and the
first to the fourth reference clock signals CKref 1~CKref_4
has been described. When the second control signal CS2 is
TRUE, the second D-type flip-flop fp2 is triggered by a
rising edge in the first reference clock signals CKref_ 1 to
output the first output clock signal CKout_1 at the non-
inverting output terminal of the second D-type flip-flop p2,
the third D-type flip-flop is triggered by a falling edge in the
first reference clock signal CKref 1 to output the second
output clock signal CKout_2 at the non-inverting output
terminal of the third D-type flip-flop {p3, the fourth D-type
flip-flop fp4 is triggered by a falling edge in the third
reference clock signal CKref 3 to output the third output
clock signal CKout_3 at the non-inverting output terminal of
the fourth D-type flip-flop fp4, and the fifth D-type flip-flop
p5 is triggered by a rising edge in the third reference clock
signal CKref 3 to output the fourth output clock signal
CKout_4 at the non-inverting output terminal of the fifth
D-type flip-flop fp5.

As previously stated, the frequency dividing module 12
only changes the frequency of the first to the fourth output
clock signals CKout_1~CKout_4 in the four-phase clock
generator 1 while leaving the phase correlation of the first to
the fourth output clock signals CKout_1~CKout_4
unchanged. Therefore, under ideal conditions, the phase
difference for each consecutive two of the first to the fourth
output clock signals CKout_1~CKout_4 is still 90 degrees.

In view of the above, with reference to FIG. 2, the person
with ordinary skill in the art may clearly observe that, under
ideal conditions, each of the rising edges in the first to the
fourth output clock signals CKout_1~CKout_4 synchro-
nizes, respectively, with the fourth, the first to the third
output clock signals CKout_4, CKout_1~CKout_3 with a
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level being 1. For example, under ideal conditions, a rising
edge in the second output clock signal CKout_2 synchro-
nizes with the first output clock signal CKout_1 with a level
being 1. Moreover, under ideal conditions, each of the
falling edges in the first to the fourth output clock signals
CKout_1~CKout_4 synchronizes, respectively, with the sec-
ond to the fourth and the first output clock signals
CKout_2~CKout_4, CKout_1 with a level being 1. For
example, under ideal conditions, a falling edge in the first
output clock signal CKout_1 synchronizes with the second
output clock signal CKout_2 with a level being 1. The
present invention is, however, not limited to the previous
examples of detection.

Accordingly, the person with ordinary skill in the art
should understand that the detection and control module 14
in the four-phase clock generator 1 in one embodiment of the
present invention may perform timing sequence self-detec-
tion on the first to the fourth output clock signals
CKout_1~CKout_4 according to the detection procedures as
previously discussed.

To further describe the detection and control module 14 in
the four-phase clock generator 1, the present invention
further provides a detection and control module 14 accord-
ing to another embodiment. With reference to FIG. 5, FIG.
5 is a circuit diagram of a detection and control module of
a four-phase clock generator with timing sequence self-
detection according to one embodiment of the present inven-
tion. In FIG. 5, FIG. 1, FIG. 3 and FIG. 4, like numbers
denote like elements, descriptions of which are not repeated
herein.

Furthermore, the detection and control module 14
includes a sixth D-type flip-flop fp6. A clock input terminal
and a data input terminal of the sixth D-type flip-flop fp6
receive any consecutive two of the first to the fourth output
clock signals CKout_1~CKout_4, respectively, to output a
first control signal CS1 at a non-inverting output terminal
thereof when the clock input terminal of the sixth D-type
flip-flop fp6 is triggered by a rising edge or a falling edge in
a signal received thereby.

The detection method will be described with an example,
wherein each of the rising edges in the output clock signals
CKout_1~CKout_4 synchronizes, respectively, with the
fourth, the first to the third output clock signals CKout_4,
CKout_1~CKout_3 with a level being 1. When the clock
input terminal of the sixth D-type flip-flop fp6 receives the
second output clock signal CKout_2, the data input terminal
of the sixth D-type flip-flop fp6 receives the first output
clock signal CKout_1 so that the sixth D-type flip-flop fp6
outputs the first output clock signal CKout_1 as the first
control signal CS1 at the non-inverting output terminal
thereof when it is triggered by a rising edge in the second
output clock signal CKout_2. Therefore, under ideal condi-
tions, the rising edge of the second output clock signal
CKout_2 corresponds to the first output clock signal
CKout_1 with a level being 1. Therefore, the sixth D-type
flip-flop fp6 outputs the first control signal CS1 being
TRUE. As previously stated, the first D-type flip-flop fp1 in
the frequency dividing module 12 is triggered by a rising
edge in the fourth reference clock signal CKref 4 to output
a clock output enabling signal CK_EN as the second control
signal CS2 to notify the frequency dividing unit 121 in the
frequency dividing module 12 to keep performing frequency
dividing on the first to the fourth reference clock signals
CKref 1~CKref 4 when the first control signal CS1 is
TRUE.

On the contrary, when a rising edge in the second output
clock signal CKout_2 corresponds to the first output clock
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signal CKout_1 with a level being O, the sixth D-type
flip-flop fp6 outputs the first control signal CS1 being
FALSE. In other words, the detection and control module 14
in one embodiment of the present invention can determine
that the phase difference between the first and second output
clock signals CKout_1, CKout_2 is no longer 90 degrees
(i.e., the timing sequence is incorrect). Therefore, the detec-
tion and control module 14 issues the first control signal CS1
being FALSE to the frequency dividing module 12. As
previously stated, since an inverting reset terminal of the
first D-type flip-flop fpl in the frequency dividing module
12 receives the first control signal CS1 being FALSE, a
non-inverting output terminal of the first D-type flip-flop fp1
also outputs the second control signal CS2 being FALSE to
the inverting reset terminal of the second to the fifth D-type
flip-flops fp2~fp5 in the frequency dividing unit 121 to
notify the frequency dividing unit 121 to stop performing
frequency dividing on the first to the fourth reference clock
signals CKref 1~CKref 4. It should be noted that the pres-
ent invention is, however, not limited to the implementations
of'the first control signal CS1 from the sixth D-type flip-flop
fp6 in the detection and control module 14. The person with
ordinary skill in the art may make modifications to the
examples according to practical demands or applications.
Moreover, practically, the inverting reset terminal of the
sixth D-type flip-flop fp6 in the detection and control
module 14 may also receive a system voltage VDD. Briefly,
the present invention is, however, not limited to the imple-
mentations of the system voltage VDD. Moreover, as pre-
viously stated, in the four-phase clock generator 1 according
to one embodiment of the present invention, when the
detection and control module 14 determines that the timing
sequence of the first to the fourth output clock signals
CKout_1~CKout_4 is incorrect, the inverting reset terminal
of the first D-type flip-flop fpl in the frequency dividing
module 12 receives the first control signal CS1 being FALSE
so that the first D-type flip-flop fp1 in the frequency dividing
module 12 outputs the second control signal CS2 being
FALSE to notify the frequency dividing unit 121 to stop
performing frequency dividing on the first to the fourth
reference clock signals CKref 1~CKref_4. As a result, if the
inverting reset terminal of the first D-type flip-flop fp1 in the
frequency dividing module 12 never receives the first con-
trol signal CS1 being TRUE, the frequency dividing module
12 keeps stopping performing frequency dividing on the first
to the fourth reference clock signals CKref 1~CKref 4 so
that the four-phase clock generator 1 no longer outputs the
first to the fourth output clock signals CKout_1~CKout_4.
Therefore, with reference to FIG. 5, the detection and
control module 14 further includes a pulse generator 140.
The pulse generator 140 is triggered by a falling edge of the
second control signal CS2 to output a pulse signal SP to a set
terminal of the sixth D-type flip-flop fp6. In other words, as
the second control signal CS2 changes from being TRUE to
being FALSE, the pulse generator 140 outputs the pulse
signal SP to the set terminal of the sixth D-type flip-flop fp6
so that the non-inverting output terminal of the sixth D-type
flip-flop fp6 outputs the first control signal CS1 being TRUE
to the inverting reset terminal of each of the D-type flip-flops
fp2~1p5 in the frequency dividing unit 121. Therefore, when
the first control signal CS1 is TRUE again, the frequency
dividing unit 121 is triggered by a rising edge in the fourth
reference clock signal CKref 4 to output the clock output
enabling signal CK_EN as the second control signal CS2.
In other words, when the detection and control module 14
determines that the timing sequence of the first to the fourth
output clock signals CKout_1~CKout_4 is incorrect and
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notifies the frequency dividing module 12 to stop perform-
ing frequency dividing on the first to the fourth reference
clock signals CKref 1~CKref 4, the pulse generator 140 in
the detection and control module 14 in the four-phase clock
generator 1 according to one embodiment of the present
invention re-activates the frequency dividing module 12 so
as to perform frequency dividing on the first to the fourth
reference clock signals CKref 1~CKref 4. Therefore, com-
pared to the conventional clock generator, the four-phase
clock generator 1 according to one embodiment of the
present invention reliably provides high-accuracy output
clock signals CKout_1~CKout_4.

Therefore, the sixth D-type flip-flop fp6 in the detection
and control module 14 determines whether the phase dif-
ference for each consecutive two of the first to the fourth
output clock signals CKout_1~CKout_4 is 90 degrees (i.e.,
whether the timing sequence is correct) according to the
phase correlation of any consecutive two of the first to the
fourth output clock signals CKout_1~CKout_4. Accord-
ingly, the person with ordinary skill in the art should
understand that the four-phase clock generator 1 according
to one embodiment of the present invention is not the most
comprehensive detection mechanism if the detection and
control module 14 employs the sixth D-type flip-flop fp6 to
only detect any consecutive two of the first to the fourth
output clock signals CKout_1~CKout_4.

In other words, since each consecutive two the first to the
fourth output clock signals CKout_1~CKout_4 has a 90-de-
gree phase difference, the detection and control module 14
may further employ a plurality of sixth D-type flip-flops
fp6_i (wherein i is a positive integer larger than 1) to
determine whether the timing sequence of the first to the
fourth output clock signals CKout_1~CKout_4 is correct. It
should be noted that the present invention is, however, not
limited to the number of sixth D-type flip-flops fp6 in the
detection and control module 14. The person with ordinary
skill in the art may make modifications to the examples
according to practical demands or applications.

Therefore, with reference to FIG. 6, FIG. 6 is a circuit
diagram of a detection and control module of a four-phase
clock generator with timing sequence self-detection accord-
ing to another embodiment of the present invention. Com-
pared to the detection and control module 14 in FIG. 5, the
detection and control module 14' in FIG. 6 differs in that the
detection and control module 14' employs M sixth D-type
flip-flops fp6_1~fp6_M, wherein M is a positive integer
larger than 1, to determine whether the timing sequence of
the first to the fourth output clock signals
CKout_1~CKout_4 is correct. In FIG. 6, FIG. 1, FIG. 3,
FIG. 4 and FIG. 5, like numbers denote like elements,
descriptions of which are not repeated herein.

More particularly, the detection and control module 14'
may include M sixth D-type flip-flops fp6_1~fp6_M and an
AND gate 142. A clock input terminal and a data input
terminal of each of the sixth D-type flip-flops fp6_1~fp6_M
receive, respectively, any consecutive two of the first to the
fourth output clock signals CKout_1~CKout_4 to output
detection signals D_1~D_M at a non-inverting output ter-
minal thereof when the clock input terminal of each of the
sixth D-type flip-flops fp6_1~fp6_M is triggered by a rising
edge or a falling edge in the signal received thereby.
Moreover, the AND gate 142 is coupled to the non-inverting
output terminal of each of the sixth D-type flip-flops
fp6_1~1fp6_M to output the first control signal CS1 accord-
ing to the received detection signals D_1~D_M.

Therefore, the person with ordinary skill in the art should
understand that the AND gate 142 is a logic gate for
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collecting the detection results of the sixth D-type flip-flops
fp6_1~fp6_M in the detection and control module 14'. In
addition, similarly, an inverting reset terminal of each of the
sixth D-type flip-flops fp6_1~fp6_M in the detection and
control module 14' may also receive a system voltage VDD.
Moreover, the detection and control module 14' may further
include a pulse generator 140. The pulse generator 140 is
triggered by a falling edge to output a pulse signal SP to a
set terminal of each of the sixth D-type flip-flops
fp6_1~fp6_M according to second control signal CS2.

To make it easily understood, the detection method will be
described with an example, wherein each of the rising edges
in the output clock signals CKout_1~CKout_4 synchro-
nizes, respectively, with the second to the fourth, and the
first output clock signals CKout_2~CKout_4, CKout_1 with
a level being 1. The detection and control module 14'
includes four sixth D-type flip-flops fp6_1~fp6_4 and an
AND gate 142. When the clock input terminal of the sixth
D-type flip-flop fp6_1 receives the second output clock
signal CKout_2, the data input terminal of the sixth D-type
flip-flop fp6_1 receives the first output clock signal CKout_1
so that the sixth D-type flip-flop fp6_1 outputs the first
output clock signal CKout_1 as the detection signal D_1 at
the non-inverting output terminal thereof when it is triggered
by a rising edge in the second output clock signal CKout_2.
Moreover, when the clock input terminal of the sixth D-type
flip-flop fp6_2 receives the third output clock signal
CKout_3, the data input terminal of the sixth D-type flip-flop
fp6_2 receives the second output clock signal CKout_2. The
sixth D-type flip-flop fp6_2 outputs the second output clock
signal CKout_2 as the detection signal D_2 at the non-
inverting output terminal thereof when the sixth D-type
flip-flop fp6_2 is triggered by a rising edge in the third
output clock signal CKout_3.

Under ideal conditions, each of the rising edges in the first
to the fourth output clock signals CKout_1~CKout_4 syn-
chronizes with the second to the fourth, and the first output
clock signals CKout_2~CKout_4, CKout_1 with a level
being 1. Therefore, the sixth D-type flip-flops fp6_1~fp6_4
output detection signal D_1~D_4 all being TRUE, and the
AND gate 142 generates the first control signal CS1 being
TRUE.

On the contrary, when a rising edge in an output clock
signal (for example, the second output clock signal
CKout_2) corresponds to a previous output clock signal (for
example, the first output clock signal CKout_1 with a level
being 0), the sixth D-type flip-flop fp6_1 outputs the detec-
tion signal D_1 being FALSE. In other words, the detection
and control module 14' can determine that the timing
sequence of the first to the fourth output clock signals
CKout_1~CKout_4 is no longer correct. Therefore, the
detection and control module 14' issues the first control
signal CS1 being FALSE to notify the frequency dividing
module 12 to stop performing frequency dividing on the first
to the fourth reference clock signals CKref 1~CKref 4.

As stated above, the four-phase clock generator with
timing sequence self-detection in the present embodiment
employs an open-loop digital logic circuit to change the
frequency of the output clock signals from the clock gen-
erator so that the settling time resulting from the use of the
PLL to change the frequency can be avoided. Moreover, the
output clock signals are detected according to the phase
correlation between the reference clock signals generated by
the PLL so that the timing sequence of the output clock
signals can be accurate. Accordingly, the four-phase clock
generator provides high reliability and timing sequence
self-detection.
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The above-mentioned descriptions represent merely the
exemplary embodiment of the present disclosure, without
any intention to limit the scope of the present disclosure
thereto. Various equivalent changes, alterations or modifi-
cations based on the claims of present disclosure are all
consequently viewed as being embraced by the scope of the
present disclosure.

What is claimed is:

1. A four-phase clock generator with timing sequence
self-detection, comprising:

aphase-locked loop (PLL) for generating a first to a fourth
reference clock signal with a same frequency, respec-
tively, wherein each consecutive two of said first to said
fourth reference clock signals have a 90-degree phase
difference;

a frequency dividing module being coupled to said phase-
locked loop to determine whether to perform frequency
dividing on said first to said fourth reference clock
signals to obtain a first through a fourth output clock
signal according to a first control signal, wherein said
frequency dividing module is triggered by said fourth
reference clock signal to start perform frequency divid-
ing; and

a detection and control module being coupled to said
frequency dividing module to detect a timing sequence
of'said first to said fourth output clock signals to output
said first control signal accordingly;

wherein when the phase difference for each consecutive
two of the four reference clock signals is no longer
90-degree, said first control signal controls said fre-
quency dividing module to stop performing frequency
dividing on said first to said fourth reference clock
signals since said timing sequence of said first to said
fourth output clock signals is incorrect.

2. The four-phase clock generator of claim 1, wherein said
phase-locked loop comprises at least one voltage-controlled
oscillator (VCO) to generate said first to said fourth refer-
ence clock signals.

3. The four-phase clock generator of claim 1, wherein said
frequency dividing module comprises:

a first D-type flip-flop being coupled to said phase-locked
loop and said detection and control module, said first
D-type flip-flop comprising an inverting reset terminal
receiving said first control signal and a non-inverting
output terminal outputting a second control signal; and

a frequency dividing unit being coupled to said first
D-type flip-flop and said phase-locked loop to deter-
mine whether to perform frequency dividing on said
first to said fourth reference clock signals to obtain said
first to said fourth output clock signals according to
said second control signal.

4. The four-phase clock generator of claim 3, wherein a
clock input terminal and a data input terminal of said first
D-type flip-flop receive, respectively, said fourth reference
clock signal and a clock output enabling signal, wherein said
first control signal is triggered by a rising edge in said fourth
reference clock signal to output said clock output enabling
signal as said second control signal when said first control
signal is true.

5. The four-phase clock generator of claim 4, wherein said
frequency dividing unit further comprises:

four D-type flip-flops being a second to a fifth D-type
flip-flops, wherein an inverting output terminal of each
of said D-type flip-flops is correspondingly coupled to
a data input terminal of one of said D-type flip-flops,
clock input terminals of said second and said third
D-type flip-flops receive said first reference clock sig-
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nal, clock input terminals of said fourth and said fifth
D-type flip-flops receive said third reference clock
signal, and inverting reset terminals of said second to
said fifth D-type flip-flops receive said second control
signal;

wherein said frequency dividing unit generates said first
to said fourth output clock signals according to non-
inverting output terminals of said second to said fifth
D-type flip-flops, respectively, when said second con-
trol signal is true.

6. The four-phase clock generator of claim 5, wherein said
second D-type flip-flop is triggered by a rising edge in said
first reference clock signal to output said first output clock
signal at said non-inverting output terminal of said second
D-type flip-flop, said third D-type flip-flop is triggered by a
falling edge in said first reference clock signal to output said
second output clock signal at said non-inverting output
terminal of said third D-type flip-flop, said fourth D-type
flip-flop is triggered by a falling edge in said third reference
clock signal to output said third output clock signal at said
non-inverting output terminal of said fourth D-type flip-tlop,
and said fifth D-type flip-flop is triggered by a rising edge in
said third reference clock signal to output said fourth output
clock signal at said non-inverting output terminal of said
fifth D-type flip-flop.

7. The four-phase clock generator of claim 6, wherein said
detection and control module comprises:

a sixth D-type flip-flop comprising a clock input terminal
and a data input terminal receiving, respectively, con-
secutive two of said first to said fourth output clock
signals to output said first control signal at a non-
inverting output terminal thereof when said sixth
D-type flip-flop is triggered at said clock input terminal
thereof by a rising edge or a falling edge in said output
clock signals received.

8. The four-phase clock generator of claim 7, wherein said
detection and control module further comprises a pulse
generator, said pulse generator being triggered by a falling
edge in said second control signal to output a pulse signal to
a set terminal of said sixth D-type flip-flop.

9. The four-phase clock generator of claim 8, wherein an
inverting reset terminal of said sixth D-type flip-flop
receives a system voltage.

10. The four-phase clock generator of claim 6, wherein
said detection and control module comprises:

M sixth D-type flip-flops, each comprising a clock input
terminal and a data input terminal receiving, respec-
tively, consecutive two of said first to said fourth output
clock signals to output a detection signal at a non-
inverting output terminal thereof when each of said
sixth D-type flip-flops is triggered at said clock input
terminal thereof by a rising edge or a falling edge in
said output clock signals received; and

an AND gate being coupled to said non-inverting output
terminals of said sixth D-type flip-flops to output said
first control signal according to said detection signal;

wherein M is a positive integer larger than 1.

11. The four-phase clock generator of claim 10, wherein
said detection and control module further comprises a pulse
generator, said pulse generator being triggered by a falling
edge in said second control signal to output a pulse signal to
a set terminal of each of said sixth D-type flip-flops.

12. The four-phase clock generator of claim 11, wherein
an inverting reset terminal of each of said sixth D-type
flip-flops receives a system voltage.
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